Abstract: Titanium alloys are used i n odontology applications owing to their excellent biocompatibility. The corrosion resistance of titanium alloys is an important component of their biocompatibility. In this study, the electrochemical corrosion resistance of Ti6Al4V, Ti6Al7Nb, Ti6Al2Nb1Ta1Mo, Ti5Al2,5Fe and commercial titanium in Afnor saliva was investigated. Maintaining titanium and Ti6Al7Nb alloy in Afnor saliva for 7 days results in the formation of a protective layer, the resistance of which is high and could be compared with that of a passive layer resulting from electrochemical treatment. The replacement of vanadium with niobium or iron favours the passivation, thus increasing the corrosion resistance.
INTRODUCTIONS
The corrosion process is one of the essential phenomenon that determines the biocompatibility of dental alloys.
Commercial titanium and titanium alloys are used on a large scale in restorative dentistry due to their advantages as compared with other similar materials: chemical inertia, 1 low densities, 2 non-toxic 3 and increased biocompatibility. 4 The corrosion resistance is determined by the formation of an adherent thin titanium oxide layer on the surface of titanium or a titanium alloy. This film mainly consists of TiO 2 with anionic gaps, which confer n-semiconductor character. 4 The film functions as a barrier to the tendency of the metal to interact with corrosive media. The film formation is enhanced by alloying with transition metals having unfilled d orbitals, whereby solid solutions with Cu, Mo, W, Nb or inter-metallic compounds with Pt, Ni may appear. The passivation process can be realised chemically or electrochemically. 6 Increasing the thickness of the oxide film leads to the formation of both a crystalline layer and another porous layer. The latter layer contains hydrated oxides with a 30 % water content.
Titanium is difficult to cast because it has a high melting point (1671 ºC) and has a tendency to contamination due to increased reactivity.
In order to decrease the quantity of melting impurities and to increase the wear resistance, titanium is alloyed with various elements. Titanium alloys having a biphasic structure (a+b) are used on a large scale. Among the alloying elements, Al is a-stabilizer which dissolves in the a-phase increasing the stability of this phase. Mo, V, Nb, Ta are b-stabilizers which decrease the temperature of allotropic transformation, forming a continuous series of solid solutions with b-Ti but their solubility in a-Ti is limited. Fe is a b-stabilizer forming eutectic and eutectoid phases with titanium.
In this study, the electrochemical corrosion behaviour of various titanium alloys in artificial saliva were analysed and compared with a commercial titanium sample.
EXPERIMENTAL
The titanium alloys were purchased from the Rare and Non-Ferrous Metals Institute, Bucharest, as cast-state with a rod-like shape. The chemical compositions of the titanium-based materials are presented in Table I . Structural studies were performed with a scanning electron microscope (TESLA BS 300) and the qualitative phase analysis by X-ray diffraction (DRON 2 X-ray diffractometer; CoKa radiation, 20 kV).
For all the electrochemical studies, AFNOR saliva 7 : NaCl -0.7 g/L, KCl -1.2 g/L, Na 2 HPO4 -0.26 g/L, NaHCO 3 -1.5 g/L, KSCH -0.33 g/L, carbamide -1.35 g/L (pH 8), was used as the corrosive medium.
Determination of the open circuit potential (OCP) and the recording of linear or cyclic polarisation curves were realised with a VOLTALAB-32 electrochemical system. The experimental data were acquired and processed with the VoltaMaster 2 computer program. A saturated calomel elecrtrode (SCE) was used as the reference electrode and platinum as the counter electrode.
The working electrode, made from an alloy sample, was processed into a cylindrical shape and mounted into a tetrafluorethylene support. By use of this construction, a one-dimensional circular surface of the electrode exposed to the corrosion medium is achieved.
Before experimental determinations each sample was mechanically polished successively with SiC abrasive paper, up to 2500 mesh, washed with water, degreased with ethanol and introduced in double-distilled water.
The linear polarisation curves were recorded at a potential electrode scanning rate of 0.5 mV/s, while the cyclic ones were at 50 mV/s.
The currents densities of corrosion were determined by the polarisation resistance method. 8 
RESULTS AND DISCUSSION
Qualitative phase analysis by X-ray diffraction showed that the dominant phase is the a solid solution for every examined alloy. The X-ray patterns for the Ti6Al7Nb, Ti6Al2Nb1Ta1Mo alloys and commercial titatnium are shown in Fig. 1 .
The SEM and optic micrographs showed that the morphology of the dominant solid solution has a two-phase structure, consisting of course transformed b-phase grains containing lamellar a-phase, giving a backetweave appearance. The developed structure is of the Widmansttaten type. The microscopical structures of the Ti6Al4V and Ti6Al7Nb alloys are presented in Fig. 2 .
Another objective of this study was the measurement of the open circuit potential, of the alloys both immediately and after 24 h of immersion in Afnor saliva.
The values of the open circuit potential of the alloys both initially and after 24 hours of immersion in Afnor saliva are presented in Table II . The values of the open circuit potential of all the studied samples increase continuously with time, hence, the alloys became more stable from a thermodynamical viewpoint in the Afnor saliva.
The potentiodynamic polarisation curves permit the evaluation of the main parameters of the corrosion process. The curves were registered after various types of surface treatments of the sample: initial polished surface surface after 24 h of immersion in Afnor saliva, surface immersed for 7 days in Afnor saliva and surface polarised at +800 mV for 15 min in Afnor saliva.
The main parameters of the corrosion process corresponding to the four experimental variants are presented in Table III . From the results of a previous study, it is known that polarisation at a potential over +800 mV results in the passive semiconductor layer of TiO 2 being transformed into TiO(OH), which has a higher electronic conductivity: 9 Ti + 3TiO 2 + 2H 2 O = 4TiO(OH).
The potentiodynamic polarisation curves for the Ti6Al7Nb alloy immersed in Afnor saliva are presented in Fig. 3 .
All the alloys with an initial polished surface showed negative corrosion potential values, high polarisation resistance, in the range 3´10 4 -4´10 4 W cm 2 , and low corrosion current densities, of the order of 100 nA. The lowest value of the current density was recorded in the case of commercial titanium.
Transpassivation processes appear at polarisation potentials higher than 1 V with all the samples. After immersion for 24 h in Afnor saliva, the alloy samples showed an increased value of the corrosion potential in the positive domain. Also, in case of all used materials, the corrosion current densities of all the investigated materials decreased, the decrease being the most significant for titanium. Commercial titanium had a current density value 30-40 times lower than the alloys.
The values of the corrosion potential of the materials immersed in Afnor saliva steadily increased with time over 7 days, reaching even positives values in case of the Ti5Al2,5Fe alloy, except for the alloy Ti6Al4V, the potential of which started to decrease from the sixth day of immersion.
The corrosion current densities decreased due to surface passivation of the alloys. The commercial titanium had the lowest value of the current density, Ti6Al7Nb was similar while Ti6Al4V showed the highest value of the current density.
After electrochemical treatment (polarisation at 800 mV for 15 min in Afnor saliva), the values of the corrosion potential still remained in the negative domain but the corrosion current densities had very low values. Even in this case, the commercial titanium had the lowest current density, while the Ti6Al4V still had the highest one. The transpassivation potentials values were over 1 V. It can be seen that when the alloys were maintained in Afnor saliva for 7 days, the values of the corrosion current densities approached the corresponding values in the case that the surface of the materials had been polarised. CONCLUSIONS 1. All the alloys are partially passive in Afnor saliva, transpassivation potential values (E tr ) being higher than 1 V. As a consequence, the alloys are passive in the human body.
2. The corrosion currents have very low values and decrease with time, the slowest passivation being in case of the Ti6Al4V alloy.
3. The type of corrosion was not modified after maintenance of the materials in Afnor saliva.
4. Maintaining commercial titanium and the Ti6Al7Nb alloy in Afnor saliva for 7 days leads to the formation of a protective layer, the resistance of which is high and could be compared with the resistance of the passive layer resulting from electrochemical treatment.
5. The replacement of vanadium with niobium or iron in titanium alloys results in an increase of their corrosion resistance. Titanijumske legure se koriste u zubarstvu zbog odli~ne biokompatibilnosti. Va`na komponenta za biokompatibilnost je i koroziona stabilnost legura Ti6Al4V, Ti6Al7Nb, Ti6Al2Nb1Ta1Mo, Ti6Al2, 5Fe i komercijalnog titanijuma u Afnor pquva~ki. Dr`awem titanijuma i Ti6Al7Nb legure u Afnor pquva~ki tokom 7 dana dovelo je do stvarawa za{titnog filma visoke otpornosti na koroziju, uporedivu sa pasivnim filmom stvorenim elektrohemijskim tretmanom. Zamena vanadijuma niobijumom ili gvo`|em favorizuje pasivaciju i pove}ava korozionu otpornost.
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